Combined AVR with CABG and TAVI with PCI are current treatment options for aortic valve stenosis with concomitant CAD. Currently, treatment strategies are guided by operator preference and very limited data. At our institution, PCI is performed before TAVI in eligible patients with CAD, followed by symptom reevaluation. It is evident however, that combined AVR with CABG and TAVI with PCI are less than ideal options for high-risk patients with complex multivessel CAD.
CONCLUSIONS
The described hybrid procedure, combining transaortic TAVI and off-pump CABG with the aortic no touch technique, shows promising outcomes and potentially provides an alternative to combined high-risk AVR and surgical revascularization. To our knowledge, this is the first successful implantation of a balloon-expandable transcatheter valve with native valve excision, potentially reducing paravalvular leakage and possibly expanding the indication for TAVI to aortic regurgitation without valvular calcification. Atrial septal defect (ASD) accounts for 10% of congenital heart disease and 20% to 40% of cases presenting in adulthood. 1 There are 4 categories: ostium secundum, ostium primum, sinus venosus, and coronary sinus defects. Coronary sinus defects, caused by incomplete formation of the atrioventricular folds, are the least common and are often associated with other congenital anomalies, including persistent left-sided superior vena cava (LSVC; Figure 1 ). 2 Definitive treatment of a large coronary sinus defect is typically performed as an open surgical repair. We report the case of a patient with a coronary sinus defect in whom intraoperative transesophageal echocardiography (TEE) was instrumental in guiding robotically assisted surgical repair.
CLINICAL SUMMARY
A 40-year-old woman was seen with new-onset palpitations and shortness of breath. Preoperative transthoracic echocardiography and TEE demonstrated a 1.3-cm primum ASD with a left-to-right shunt, dilated right ventricle, and pulmonary hypertension. Because of the defect's location, surgical intervention was planned rather than percutaneous closure. After induction of general anesthesia, a doublelumen endotracheal tube was placed. Intraoperative TEE revealed 2 defects differing from the preoperative diagnosis: a coronary sinus ASD and a patent foramen ovale ( Figure 2 ). Agitated saline solution was injected into the left cephalic vein without evidence of any LSVC.
An outflow cannula was inserted percutaneously through the right internal jugular vein into the superior vena cava under echocardiographic guidance. The patient was placed in a modified left lateral decubitus position. The right femoral artery and vein were exposed, and a 5-cm right thoracotomy incision was performed in the fourth intercostal space. After systemic heparinization, the inflow and outflow cannulas were placed by the Seldinger technique under echocardiographic guidance in the femoral artery and vein, and cardiopulmonary bypass was initiated. A camera was placed in the thoracotomy incision, and robot ports were placed in the third and sixth intercostal spaces. The robot was positioned, and a transthoracic aortic crossclamp was placed. After cardiac arrest, both ASDs were repaired with a minimally invasive, robotically assisted approach. The robotic arms placed the sutures, while the surgical assistant followed the sutures and tied the knots. The patent foramen ovale was closed primarily with a polytetrafluoroethylene suture (Gore-Tex; W. L. Gore and Associates, Flagstaff, Ariz). The coronary sinus ASD was closed with a CorMatrix patch (CorMatrix Cardiovascular, Inc, Alpharetta, Ga), and the coronary sinus was translocated into the left atrium by continuing the suture line around the lateral aspect of the coronary sinus. The patient was weaned from cardiopulmonary bypass, extubated on postoperative day 0, and discharged home on postoperative day 4.
DISCUSSION
We describe here a patient in whom intraoperative TEE correctly demonstrated the cardiac defect to be a coronary sinus ASD, with no associated LSVC. Isolated coronary sinus defects constitute fewer than 1% of ASDs.
3 Detailed 2-and 3-dimensional anatomic description of the defect allowed proper execution of the surgical repair. To our knowledge, this is the first reported case of robotically assisted surgical repair of a coronary sinus defect. 
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Coronary sinus ASDs are traditionally closed through a midline sternotomy with full surgical exposure and a 6-to 8-week recovery period. 4 Recently, transcatheter device closures have been a less invasive alternative; however, not all ASDs are amenable to device closure. Minimally invasive robotically assisted repair offers a smaller incision then traditional midline sternotomy, with associated decreases in postoperative pain, wound infections, and length of recovery. After surgical repair, this patient had translocation of the coronary sinus to the left atrium, resulting in a small right-to-left shunt. Had the patient had a sizeable LSVC, this would have resulted in significant cyanosis, and the robotic approach would not have been appropriate in light of its limited surgical exposure. In the setting of an isolated coronary sinus ASD, however, this repair left a clinically insignificant shunt. At discharge, this patient had an oxygen saturation of 100% on room air.
Although echocardiography has been the mainstay for assessment of cardiac defects, preoperative transthoracic echocardiography and TEE failed to identify this anomaly correctly. It is probable that the large size of the coronary sinus os in the setting of an unroofed sinus created a mistaken preoperative diagnosis of a primum ASD. Intraoperative TEE, in contrast, provided precise understanding of the cardiac defects, including ruling out other associated anomalies such as LSVC that could have influenced surgical approach and outcome in a robotically assisted repair. Previous reports suggest that intraoperative TEE can modify preoperative diagnosis in a third of patients and alter the surgical plan in 11% of cases. 5 With the increasing popularity and success of minimally invasive or robotically assisted surgical repairs, in which surgical exposure is limited, intraoperative TEE imaging takes on an increasingly important role in aiding real-time surgical decision making.
